
� �������	�
���
�������������������������! "�	�
�#������$����%�'&)(*�"+-,.�	�0/1�	23�
4	�5�6��7
8:9<;>=  "? ; ��@ A /*�	,CB 8 �D�FE����G�H/IED�J7���2D/1�
�J&)/I��(*,LKM�
�D2��
��� �	��/1�	2N�

����@ �6�������! "�	�
�#����� 8 �D�F�����G�O P���	�Q�D�
R�S0T�S0U�VXWZY\[^]0T�_�Sa`bS

cd[fe*gh[fi1jlk�Vmj�jH[fnoghp\nrq�gtsZgvuwgh[yx"jHp{zm[ri|e|p{g}W ~X��~�c'_Hp{gh[ysZg|i|[f[og `�u^j��Hq�i1Wm]�k��O�m�m��~��
� _HVmjH[��t���^�m���F�^�����I�^���^� ��uw���P���^�^���F�m�����}���^��� ��VXWQY�[I�h�t�Dnfe|qGSa[r�Hq

  i|u^j�gP¡"qH¢£��[rif��¡t�m�^��~�¤��m�Q~X�m�^¤��
_�g1g � �¦¥m¥w�§�§�.S¨�©_HVmp�Sa[r�Hq0¥�e1nfp�[fjHnr[X¥�ªP«�T�¬�¥��H[ � g#¥mkFUF­�ª	sQ�§¢®u�p\j�S¯_�gh¢>Y

°F±>²´³¶µv·y¸	¹»º ³¼±£½»°§¾
�§_H[¿Y�VmjHÀ���gh[fi1¢ÁÀmV�u^Y�V^��VmqHi � i1Vw�1[fnog.p\ePgh_H[¿nrVm¢ � Y\[rg|[b�H[ozm[fY�V � ¢>[fj�g.V^��uÂjHVXz^[fY�]�e1qHi1��u�nf[o�ÃnfVmj�ghu^nrgf]
��uXz^[o���ÄVmY\Y�V��©p�jHÀÅ¢bq�Y�ghpÆ�}e1[fjHe1Vmi®Ç
V�uwgÂghVÈe1p\¢bqHY{gvu^j�[fVmqHe1Y�W6¢¶[fu^e|q�i|[ljH[og)VQnr[�u^j'e|q�i1��u^nr[l_H[�u�g»ÇHqQ��]
e|V^YÉu^i¶p\i|i|u^�Hp\u^jHnf[Êu^jH��e1ËZp�j�gh[f¢ � [fihuwghqHi1[^S�c:[l[rj�zQp�e|p�Vmj�¢bqHY{ghp � Y\[)p\jHe*ghi1qH¢¶[rj�ghe»�H[ � Y\VXWm[r���Äi|Vm¢
e|¢¶u^Y�YH��Vmu�ghe�Vmi��Hi|p{�Ìghp�jHÀ.�HqHVXWZe�p\j>e|q �H� V^i1gDV^��u^p�i*�Ãe|[�u�Ç
qQ�CÍH[fY\�¶[o� � [fi|p�¢¶[rj�gheDu^e��D[fY�Y�u^eDY�VmjHÀ���gh[ri|¢
qHj�gh[rjH�H[r�ÊV � [fi|u�ghp�Vmj � i|VXzZp\�Hp�jHÀ¿nfV^j�g|p\j�qHVmq�e"¢>[�u^e1qHi|[r¢¶[rj�ghe©V^��_H[�u�g©Ç
qZ��u^jH��e|VmY\u^i§p\i1ihu^��pÉu^jHnr[^S
±>ÎbÏ�¸ÑÐ£·ÑÒ#Ó)¸Ñ¾
«	qHi�VmjH[ÔW^[�u^i�«�¡"Õ � i|V^Àmihu^¢'�ÄVZnfqHe1[fe�e|VmY�[fY{WtVmj¿ÖÌ×
Ø�ÙoÖÌÚ�ÛF�
uwgvuFnfV^Y\Y\[rnrg|p\Vmj�u�jH�yu^j
u^Y{WQe1p\eG�ÄV^i�kFUF­�ª�sQ���
­�VX�����^�m�^���oS��§_H[FVm���1[fnrg|p�z^[feÔV^�HVmqHi%i1[fe1[�u^i1nv_Cu^i|[��F�I~���g|V � i1V�zZp��H[�Y�VQnfu^Y�jH[rg%e|qHi*��u^nf[�_H[�u�g�Ç
qQ�Ñ�
u�ghu
qHe1p\jHÀCubjHVXz^[fY�¢>[�u^e1qHi|[r¢¶[rj�g§gh[fnv_�jHp\Ü�qH[�]H�©_Hp\nv_»p�j»nfVmjw�1q�jHnrg|p\VmjÂ�©p{gh_Â¢>[rg|[fVmi1VmY\VmÀ^p\n�u�Y�]mghq�i|�HqHY�[fjHnr[
u^jH�<ihu��Hp\Vm¢>[rg|i|p�nÂp\j��ÄV^i|¢¶u�ghp�Vmj:nfu^j6��[�qHe|[r�6�ÄVmi¿p�¢ � i1VXzm[f¢>[fj�g>V^�"_H[�uwg>ÇHqQ� � u^i|u^¢¶[ogh[ri|p\Ýfu�ghp�VmjHe
p\j�n�u�Y\¢Þu^j��¼[#�Qg|i|[r¢¶[rY�W)Y\VX���©p\jH��e � [f[r�ßnfVmj��Hp�g|p\VmjHer]����m��g|V¶e1p\¢bqHY{gvu^j�[fVmqHe1Y�W®¢¶[fu^e|qHi1[Ñe1Ë�p\j0¥���qHY\Ë
��u�gh[ri�g|[f¢ � [rihu�g|qHi|[��Hp�à�[fi1[fjHnr["u�jH�CjH[rg�e1qHi1��u^nr[©_H[�u�g�ÇHqQ�C�
u�ghut�©p�g|_>_�p\Àm_Q��gh[r¢ � Vmihu�YQi1[fe|V^Y\q�g|p\Vmj¿uwg
� i1[fnfp�e|[rY�W¿gh_�["e|u^¢¶[©Y�VQnfu�ghp�Vmj�S��§_Hp\e�p\j��ÄV^i|¢¶u�ghp�Vmjb��V^qHY\�>��[©z�u^Y\qHu^�HY\[F�ÄV^i�p�¢ � i|VXzm[r¢¶[rj�g�V^��[o�Qp\e*ghp\j�À
nfV^q � Y\[r� � u^ihu^¢>[rg|[fi1p\Ý�uwghp\V^jHet�©_Hp�nv_:p\j�nfY\q��H[bgh_H[>VZnf[�u�jHp\n¿¢>p{�Q[f�MYÉu�W^[fif]�e|[fu�e1qHi1��u�nf[Cgh[f¢ � [fihuwghqHi1[
u^jH�)gh_�[Ñuwgh¢>Vme � _�[fi|p�n�e|qHi*��u^nf[.Y\uXW^[firS
½ÂáyáÑ¹Â±£½»Ð£â
ã}jÅgh_�[®[�u�i|Y�W<~X�^�m��ä¯ef]%g|_H[)s � u�nf[)sQnrp\[rjHnf[)åÁ¬�jHÀmp�jH[f[ri|p\j�Àlk�[fj�g|[fi���s�s�¬�k§�bu�g£g|_H[ÂxPjHp�z^[fi|e1p�g}WdV^�
c'p\e1nfVmj�e|p\j®��æÊu^�Hp�e|Vmj)��[fÀ�u^j»��[rzm[rY\V � ¢¶[rj�g©V��%u�jMÖÌ×
Ø�ÙoÖÌÚ�Û£e1Ë�p\jQ�ÃYÉu�Wm[ri§VQnr[�u^j»_H[fu�g§Ç
qQ�Âp\jHe*ghi1qH¢¶[rj�g
��s�«.ç"è%ã*�£ghV´¢>[�u^e1qHi|[�jH[rg>_H[fu�gCghi|u^jHe1�Ä[riC��[og}��[r[fj�g|_H[Êuwgh¢>Vme � _�[fi|[�u^j��6VZnf[fu^jé��sQqHVm¢>p�]	êoÚÑë^ì{í
~X�m�^��î�sQi|V^¢¶VXzZe|Ë�Wm]�êoÚ§ë^ì{í�~X�m�^�mu�]�~X�^�m�^��î�U�VXWZY\[�]�~��m�m��]��^�^�m���oSFsH«�çtè%ãD¢¶[fu^e|q�i|[fePgh_H[yjH[ogte1qHi1��u^nr[
_H[fu�g�Ç
qQ�´��W � YÉu^nr[f¢>[fj�g.V^��u®gh_Hp�j�]�nfVm¢>¢>[fi|nrpÉu^Y�Y�W�u�z�u^p\Y\u^�HY�[yÇ
qZ� � YÉuwgh[���«	i*ghVmY\u^jHVH]{~X�m�m�m�§�©p{gh_Hp�j
gh_�[Ñu�ÜZq�[fVmqHe©gh_�[fi|¢¶u^Y�nrVmjH�Hq�nrghp{zm[ye|qH��YÉu�Wm[rifS
�§_H[¿nri|p�g|p\nfu^Y�[rY\[r¢¶[rj�g	p\e	uÂY�p\Àm_�gf]���uXz^[o���ÄVmY\Y�V��©p�jHÀH]�e|qHi*��u^nf[bÇHV�u�g�nrVmj�gvu^p�jHp\jHÀ¶g}��V»gh_�p\jÊÇ
qZ� � Y\u�gh[re
��è�p\ÀHS�~��oS�¬�u^nv_¼ÇHqQ� � Y\u�gh[�_
u�e"u¿gh_�[fi|¢>V � p�Y\[�u�jH�Êubg|_H[fi1¢¶VZnfVmq � Y\[���VmjH�H[r�¼p�j�ghV>uCÇH[o�Qp\�HY�[�¢£WZYÉu^i
Í
Y�¢ïehu�jH���©p\nv_GSð«	jH[ � YÉuwgh[»_
u^eCnrY\[�u�i¿¢£WZYÉu^i¿VmqQgh[fiCY\uXW^[fi1efîFgh_�[¼V^g|_H[fiCqHe1[fe>�HYÉu�nvËÅ��Wm[r��¢£WZY\u^ifS
�§_H["�Hp�à�[fi1[fjHnr["p�j¶e1VmYÉu^i�u^��e|Vmi � ghp�Vmj � i|V � [fi*ghp\[re�u^Y\Y�V��©e�e1VmYÉu^i�p�i|ihu��HpÉu^j�nf[FghVy��["�Hp�e1g|p\jHÀmq�p\e|_�[f�C�Äi|Vm¢
e|[rjHe|p��HY\[yu^j���[oz�u � V^ihu�g|p�zm[._H[fu�g§Ç
qQ�Q[refS§æ�[�u^e1qHi|[r�¼Ç
qQ�Q[reP�Äi1Vm¢ñ[fu^nv_ � Y\u�gh[�nfu^j���[��H[rnfVm¢ � Vme|[r���

ò�óÄô¯õ�öI÷´øùò�úmûÅüNý�óZò�þ�ÿÃô¯ö*÷��ñò���� �*~X�
ò��Ìô¯ö1ó	�:ø ò�úmûÅüNý
�Zò%þ�ÿ�ôaöI÷�� ò���� ���^�

�©_H[ri|[)ò�óÄô¯õ�öI÷f]�ò��Ìôaö*ó	�Âu^i1[®Ç
qQ� � Y\u�gh[>z^u�Y\qH[ref]�ò�ú^ûli|[ � i|[fe1[fj�ghe¿g|_H[ÂnfV^¢b�Hp\j�[f�ÅY\u�gh[rj�gbu^jH�Èe1[fjHe1p\�HY�[
_H[fu�g§Ç
qQ�»u^nrg|p\jHÀ¿u�nfi|V^e|e§gh_H["gh_H[ri|¢¶u^YGe1qH�HYÉu�W^[fif]0ò�þ�ÿÃô¯öI÷©p\eFe1VmYÉu^i�Ç
qQ��]0ò����Êp�e�gh_�[�jH[rg§p�j��Äihu�i|[f�ÂÇHqQ��]

~

mailto:boyleg@wcsu.edu
http://www.whoi.edu/science/AOPE/dept/CBLASTmain.html


Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
30 SEP 2003 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2003 to 00-00-2003  

4. TITLE AND SUBTITLE 
Measurement of Net Ocean Surface Heat Flux during the ONR  CBLAST
Low Wind, Convective Regime Field Program Using A New Ocean
Surface Contact Sensor 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Western Connecticut State University,,181 White 
Street,Danbury,,CT,06810 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

7 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



21'

28'

10'

NORPRENE ELECTRICAL CABLE W/FLOATS

16" DIAM.
DRIFTER BUOY 
CONTAINING 
DATA LOGGER & 
TRANSMITTER

TETHER

DROGUE

25'

SUBSURFACE 
FLOAT

(a)

�� �� � ��� �� ���	 
��
��� �� ������

� �� ���� �� �� � �� �  ! !" " #
$$
%%&'(

45Ì

)*

GULF STREAM SENSOR FLOAT

AIR RELIEF HOLE 

TRANSPARENT SENSOR 

BLACK SENSOR 

BALANCE FLOAT 

FIBERGLASS MESH 

POLYSTYRENE BUOYANCY RINGS  

ELECTRONICS 

BLACK SENSOR 

CLEAR SENSOR 

AIR RELIEF HOLE 

FIBERGLASS MESH 

BULK WATER THERMOCOUPLE 

ELECTRONICS 

BALANCE FLOAT 

GREENLAND SEA SENSOR FLOAT

8"

12"

SUBMERGENCE SENSOR 

BULK WATER 
THERMOCOUPLE & 
SUNSHADE 

(b)

(c)

SUBMERGENCE SENSOR 

è%p�ÀmqHi|[�~^��«	nf[fu^j¶��i|p��Ìg|[fi�nrVmj�Í
Àmq�ihu�g|p\Vmj¿�ÄVmi�Í
[rY\�>¢¶[fu^e|qHi1[f¢>[fj�gher�©��um�Ô­�u�Àmihu^j�ÀmpÉu^j¿��i|p��Ìg|[fi � u�nvË�u�Àm[
�©p�g|_¼��qHVXW�u^jH�Êe1qHi1��u�nf[.Ç
V�u�gf]%�Ä�0�F�H[rghu^p\Y�[f�»ghV � zZp\[o��V^��e|[fj�e|VmiPÇ
V�u�gPqHe1[f�ßp�j�[fu^i|Y{W   qHY���sZghi1[�u^¢
�H[ � Y\VXWZ¢¶[rj�g�]Hu�jH�l�ÄnX����[rgvu�p\Y\[r�¶zZp\[o�'V^��uyi|[rzZp�e|[f�»e1[fjHe1Vmi�Ç
Vmu�g���[fe|p�ÀmjÂqHe1[f�Âp�j¶g|_H[   i|[r[fjHY\u^jH�)sQ[fu
�H[ � Y\VXWZ¢¶[rj�g�S

u^jH�)gh_�[£ý�äae"u^i|[.[r¢ � p�i|p�n�u^Y�Y�W>�H[rg|[fi1¢¶p�jH[f��e|VmY\u^i©i|[re � VmjHe|[ynfVZ[,+>nrp\[fj�g|efSFã}j�gh_Hp�eP¢>VZ�H[fY�]HjHp\À^_�g1ghp�¢¶[
Ç
qQ�Q[re§¢¶[fu^e|qHi1[f�»��W¶[�u^nv_ÂÇ
qZ� � Y\u�gh[tu^i|[Pgh_H[tehu^¢>[^S�`	q�i|p\j�ÀÑgh_�[	�
u�Wm]Zgh_H[	��p�à�[fi|[rjHnf[tp\j®Ç
qZ� � Y\u�gh[
e|p�Àmj
u^Y�eFp\e � i1V � Vmi1g|p\Vmj
u�Y�g|V¶e1[�uCe|qHi*��u^nf[.p\i1ihu^��pÉu^jHnr[^S
�§_Hp�e � i1Vw�1[fnog	p�e"Y�[�u^����W¼g|_H[£T�ãv]GR�S�T�S�U�VXWQY�[^]�T�_�Sa`bS�]0�©p�g|_ßu^e1e|p\e*gvu^j�nf[Ñ�Äi1Vm¢ÞqHjH��[fi|À^ihu^�HqHu�gh[Ñe1ghqZ�
�H[rj�g|efS�`	irS�c S�T�S�æ¼[fjHÝr[fY�]�k�_Hp�[r�0sZnfp\[rj�ghp\e*g�]�¡	«©ªtª�¥�¡t¬�s�`	ã*s£«-+>nf[DV^�
Õ©[fe1[�u^i1nv_båðª �H� Y\p�n�u�g|p\Vmj�ef]
�©p\Y�Y � u^i1g|p\nfp � u�g|[bu^e.u � u�i1ghj�[fi.u^jH�li1[rzZp\[o��[ri.p\jß�
uwgvu»u^j
u�Y�WZe|p�e�u^jH�´p\j�g|i|[ � i|[rghu�ghp�Vmj�Sy`	ifSÑæ¼[rjHÝf[rY
_
u^eÑu)e � [fnfp\u^Y�p\j�gh[ri|[re1gÑp\j´gh_H[®sH«�çtè%ã � i|Vw�1[rnrg£u^jH�d_
u^ey[o�Zgh[rjHe|p{zm[Â[#� � [fi1p\[rjHnf[>�©p�gh_Me|[fu¼e1qHi1��u^nr[
gh[r¢ � [fi|u�ghq�i|[�¢>[�u^e1qHi|[r¢¶[rj�gPqHe1p\jHÀ>ehuwgh[fY�Y\p{gh[tV^�He|[ri1z�u�ghp�VmjHerS. ±¿¹0/ ÐC±>º�á£°�¸�·Ñ¸21
ªði1Vm�HqHe*g�]�i|[rnfVXzm[rihu^��Y\[©�Hi|p{�Ìghp�jHÀt�Hq�V�W»��ÕP`�UF��~����Fu�e��H[fe1p\ÀmjH[r�>u^jH�C�HqHp�Y�g�e|p\¢>p\Y\u^i�ghV	g|_
u�g�e1_HVX�©j¶p�j
gh_�[�ÍHÀmqHi|[�u^��VXzm[�S��§_Hp�e�jH[r�:�HqHVXW.p\jHnrY\qH��[fe�u§i|[rnv_
u^i|À^[�u^�HY�[��
u�g|g|[fi*Wm]we|p\À^j
u^Y � i|VZnf[fe1e|p�jHÀ"[rY\[rnrghi1VmjHp�nfef]
ÀmY�Vm�
u^Y � Vme|p{ghp�VmjHp\j�À»e1WZe1g|[f¢ qHjHp�gf]Ôu^j��Åu¼e � i|[fu^�Åe � [rnrghi1qH¢Lghi|u^jHnf[rp�z^[fiÑ�ÄV^iÑnrVm¢¶¢£qHjHp\nfu�ghp�Vmjß�©p�g|_

�



��u^�HY\[C~m��`	[ � Y\VXWZ¢>[fj�g"«tzm[fi*zZp\[r�
`�u�gh[>���.`©ª��y� `	q�ihu�g|p\VmjM��¬�`	�P� ����ò��t�	��

�������������*� c�k§s�x ªtqZ��p�Y\p\u^i1WÂsQ[fj�e|Vmi1e
���v~�¤��}�m�)���^�^��� �m�^¤��y�D�^��~�� s�¡"��~m~���Õ"`�UF�Q~�� sHsQ�

� �m�^¤��y�D�^��~�� s�¡t�Q~X�
��U�c U§¥��.� e|VmY\u^i©å Y�VmjHÀ¿��uXz^[Ñi|u^�Hp\u�ghp�Vmj
���v~�¤��}�m�)���^�^��� ~��^�m�Ñ���Z~X�m� s�¡"��~m~���Õ"`�UF�Q~�� sHsQ�

� ~��^�m�Ñ���Z~X�m� s�¡t�Q~X�
��U�c U§¥��.� e|VmY\u^i©å Y�VmjHÀ¿��uXz^[Ñi|u^�Hp\u�ghp�Vmj
� ~��^�m�Ñ���Z~X�m� sQ¡t��~X�H��U§æÊ¬�¥���� g|[f¢ � S{]
_Zq�¢¶p��Hp�g}W®å �©p\j��

���v~����}�m�)���^�m�m� ~X�m�m�Ñ�P~��m�m� s�¡"��~m~���Õ"`�UF�Q~�� sHsQ�
� ~X�m�m�Ñ�P~��m�m� s�¡t�Q~X�
��U�c U§¥��.� e|VmY\u^i©å Y�VmjHÀ¿��uXz^[Ñi|u^�Hp\u�ghp�Vmj
� ~X�m�m�Ñ�P~��m�m� sQ¡t��~X�H��U§æÊ¬�¥���� g|[f¢ � S{]
_Zq�¢¶p��Hp�g}W®å �©p\j��

���*�^�w�}�m�)�������m� �m���m�y�P~X�m�^� s�¡"��~m~���Õ"`�UF�Q~�� è�� ¡PVm�He|Ëwu
���*�Q~r�}�m�)�����m��� �m�^¤��y�P~f¤H~�� s�¡"��~m~���Õ"`�UF�Q~�� è�� ¡PVm�He|Ëwu
���*�m���}�m�)�����m��� �m�^�m�Ñ�D�Q~��m� s�¡"��~m~���Õ"`�UF�Q~�� sHsQ�

� �m�^�m�Ñ�D�Q~��m� s�¡t�Q~X�
��U�c U§¥��.� e|VmY\u^i©å Y�VmjHÀ¿��uXz^[Ñi|u^�Hp\u�ghp�Vmj
���*�^�w�}�m�)���w¤���� ~��^�m�Ñ�P~��m�m� s�¡"��~m~���Õ"`�UF�Q~�� sHsQ�

� ~��^�m�Ñ�P~��m�m� s�¡t�Q~X�
��U�c U§¥��.� e|VmY\u^i©å Y�VmjHÀ¿��uXz^[Ñi|u^�Hp\u�ghp�Vmj
� ~��^�m�Ñ�P~��m�m� sQ¡t��~X�H��U§æÊ¬�¥���� g|[f¢ � S{]
_Zq�¢¶p��Hp�g}W®å �©p\j��

���*�^�w�}�m�)���w¤H~�� �m�^¤��y�D�^���m��� s�¡"��~m~���Õ"`�UF�Q~�� sHsQ�

� æßs�è! m¢bqHY{ghp{�Ãe|[rjHe|Vmi�Ç
V�u�g" CVmjHY�W   i1[f[fj�YÉu^jH�¼sQ[fu>��[fe|p�Àmj)e|[ri|pÉu�Y�j�qH¢b��[fi|er���Q~X��]
��~^~m]
��~X�¿qHe1[f�
�-Õ"`�UF�Q~# mi|[rnfVXzm[rihu^�HY�[Ñ��i|p��Ìg|[fi§�Hq�V�W$ C�Äi|[r[fY�W®�Hi|p{�Ìghp�jHÀH]�e1p\¢>p\Y\u^i�g|V>è%p\ÀHS�~
�-UDc U% mU�p\Àbc'_Hp{gh[.U�V��& H]0U§æ¼¬' �U�V�u�g"æ�[rg�S�¬�jHnrY\Vme1qHi|[( H��Vmj���V�u�i|��ubgh[fj��Hp\jHÀCzm[re|e1[fY��
�.�
� s�¡t�Q~m~.i|qHj�VXzm[fiPu^j��¼�H[re1g|i|VXWm[r�ß��W)è�� T%u�g|i|p�nfpÉu¿­�WZjHj*)¶gh[fj��Hp\jHÀCzm[re|e1[fY

gh_�[y��[ � Y�V�WZ¢>[fj�g©zm[re|e|[rY�V^i©u>Y\u^jH�Q�Ã�
u^e|[r�)e1gvuwghp\V^j�S
`	qHi1p\jHÀ kFU�­�ª	sQ���I­�VX�.]tg|_Hi|[r[le|[fj�e|Vmi»Ç
V�uwgheÂ�D[fi|[´qHe1[f�')6VmjH[´u�g1gvu^nv_�[f�'ghV ÕP`�UF��~lu^j��'g}�DV
gh[ogh_H[ri|[r�ÊghV¶u^j�p\jHe*ghi|q�¢¶[rj�g|[f�¼�H[ � Y�VXWQ¢>[fj�gv¥�i|[rnfVXzm[ri1W�zm[fe1e|[rY�S©`	[ � Y\VXWZ¢¶[rj�g|e"nrVmjHe1p\e1g|[f�¼V^��uCe|[ri|p\[re
V^�
e1_HVmi*g1�Ãg|[fi1¢¼] � u^i*ghpÉu�Y\Y�W���gh[fj��H[f�yVm�He1[fi1z�u�g|p\Vmj�e�p�j£nfV^jw�1qHnrg|p\Vmjy�©p�g|_Ñgh_�[�p\j�g|[fjHe1p�zm[DV � [fihuwghp\j�À � [fi1p\VZ�
p\j)ª"qHÀmqHe*g	���m�m��S�ã}jHe*ghi1qH¢¶[rj�gvu�g|p\Vmj�u^jH���H[ � Y\VXWZ¢¶[rj�ghePu^i|[.e1qH¢¶¢¶u^i1p\Ýf[r�»p\j)��u^�HY\[¿~yu^j��Êè%p�ÀHS
�ZS
¹Â¸Ñ¾,+)°G·¿¾
U�[rn�u^qHe1[Mg|_H[´�
u�ghu<nrVmY\Y�[fnrg|p\Vmj � [fi1p\VZ��[fjH��[f�Oª"qHÀmqHe*gß�Q~m]��^�^�m��]PVmjHY�W � i|[rY\p\¢>p\jHu^i1W<i|[re|qHY{ghe�u^i1[
u�z�u^p\Y\u^�HY\[.uwgtgh_�p\e"g|p\¢>[^SPè%p�À �®p�e	uCghp\¢>[ye|[fi1p\[retV^��u¶�ÄV^qHi"_�VmqHi � [fi1p\VZ�ÊjH[fu^ite1qHjHe1[rg�S��§_�[£�©p\jH��e
�D[fi|[MY\p�Àm_�g´�.-�/10 �QS �:¢®¥�eh�oî._�qH¢¶p��Hp�g}W6�Fu�e¼�m�2)��^�43ÂS   VQVZ��nfV^i|i|[rYÉu�g|p\Vmj�[o�Qp\e*ghe)��[og}��[r[fj
nfY�[�u^i"u^jH�¼�HYÉu�nvËÂÇ
qQ� � YÉuwgh[fe"u^jH�¼gh_H[ynfY�VmqH�Ê¢>VZ�HqHYÉuwgh[f��e|V^YÉu^i§Ç
qQ��SP¡"p�Àm_�g|g|p\¢>[	Ç
qQ� � YÉu�g|[�z^u�Y\qH[re
i|[ � i|[re|[rj�g®ußjH[og¶_�[�u�gCY�Vme|e)�ÌghqHi1�HqHY�[fj�gCghihu�jHe � Vmi1g � Y\qHe¿p�j��Äihu�i|[f�ÈnrVQV^Y\p\j�À��oS´�§_H[)�
u�W�ghp�¢¶[®ÇHqQ�Q[fe
u^i1[��H[ � i1[fe1e|[f�¼��WÂe|V^YÉu^i§u��He|Vmi � ghp�Vmj5)>gh_�[��Hp�à�[fi1[fjHnr[���[og}��[r[fjÊnrY\[fu^i§u^jH�)�HY\u^nvË¶ÇHqQ� � Y\u�gh[te|p\À^j
u^Y\e
p\e � i|V � Vmi*ghp\V^j
u^Y�ghV)e|VmY\u^i	p�i|ihu��HpÉu^j�nf[^S.�§_H[Cp�jHnfi1[�u^e1[f�MjHVmp\e1[bp\jßg|_H[¿Ç
qQ�ße|p\À^j
u^YÔuw�Ìgh[fi�e1qHjHe1[rgy¢®u�W
��[Âu^e1e|VZnfpÉuwgh[f�M�©p�g|_:p\j�nfi|[fu^e|[r�ÅnfV^j�z^[fnoghp�z^[»¢¶V�ghp\V^jM��qH[¶g|VÊnfVZVmY�p\jHÀ¼u�gygh_H[¶VQnr[�u^jdp\j�gh[ri1��u^nr[6)Mu�e
p\j��Hp\nfu�gh[r��p�j»gh_H[.Y\VX�D[fe*g � Y\V^gfS
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è%p�ÀmqHi|[M�Z� `	[ � Y�V�WZ¢>[fj�g¼«tzm[ri1zZp\[o�.�<g|_H[dª"p\iI�*sQ[fuÅã}j�g|[fi|u^nrg|p\Vmj ��VX�D[fi:��ª	sQã}�P�o]"æ¼[ogh[fV^i|VmY�VmÀmp\nfu^Y
��æ�[rg�S¦�>æÊu^e1gPu�jH��x"jH�H[ri1��u�gh[rit¡PVQ��[.u^i|[.u^e1e|VZnfp\u�gh[r�)�©p{gh_Âg|_H[yæÊu^i*gh_
u�ä¯e �	p�jH[rWmu^i|�¼k�V�u^e*gvu^Y�«��Z�
e|[ri1z�u�g|Vmi1W���æ �"k§«.�oSQæ¼VZVmi|[r�C�HqHVXWZe�u�g�Y�VQnfu�ghp�VmjHe�¬dåéèlp\jHnrY\qH��[Fe|qHi*��u^nf[P_H[fu�g�Ç
qQ�>¢>[�u^e1qHi|[r¢¶[rj�g
p\j�e1ghi1qH¢>[fj�gvu�g|p\VmjGS�U�Y\q�[��HV^ghe©i1[ � i1[fe|[rj�g	�Hi1p��Ìghp�jHÀb�Hq�V�W»g|ihu^nvË�erS

Òrº á�½»Ð£· � ½ÂáyáÑ°�ÒXÐ£½y·yÒ�±C²´¾
�§_H[´jH[og¼_�[�u�g»Ç
qZ���Äi|Vm¢ gh_H[lVZnf[fu^j'ghVÅgh_�[duwgh¢>Vme � _�[fi|[lp�eÂgh_H[le1qH¢ V^�Ñe|[rjHe|p��HY\[�]tY\u�gh[rj�g�u�jH�
gh_�[fi|¢¶u^YPihu^��pÉu�g|p�zm[�Ç
qQ�Q[fe)¢>p\j�qHe>gh_H[le1_HVmi1g®�Fu�zm[rY\[rjHÀ^gh_'e1VmYÉu^i¶[fjH[ri|À^Wðu^�He1Vmi|��[f�'p\j6gh_H[ßq �H� [ri
VZnf[�u�j�S¿��i|u^�Hp{ghp\V^j
u^Y\Y{Wm]�[�u^nv_MV^��gh_H[re|[>p\jH�Hp{zZp\�Hq
u�Y�nrVmj�ghi|p��Hq�g|p\VmjHe�p�e�¢¶[fu^e|q�i|[f�Me|[ � u^i|u�gh[rY�Wm]�u^j��dp�j
Àm[rjH[fi|u^Y�]0[�u�nv_l¢¶[fu^e|qHi1[f¢>[fj�g"[f¢ � Y\VXWZe	u>¢¶VZ�H[fY�VmiPp\j�nfY\q��H[feP[f¢ � p\i1p\nfu^Y � u^i|u^¢>[rgh[ri|p�Ý�u�g|p\VmjHe©p�j¼gh_�[
¢>[�u^e1qHi|[r¢¶[rj�gÂe|nv_H[r¢¶[�S xPe|[lV^�.¢£qHY�g|p � Y�[¼p�jHe1g|i|qH¢>[fj�ghe®p\e®[#� � [rjHe|p{zm[Mu^jH�ðg|p\¢>[¼nrVmjHe|q�¢¶p�jHÀHî	p�j
u^�H��p�ghp�Vmj�]Q¢¶VZ�H[fY�eFn�u�j¼Y�[�u^�»ghVCp�j
u^nfnrqHihu�nfp\[refS
«	qHit_�[�u�g	ÇHqQ�ß¢>[�u�e|qHi1[f¢>[fj�g�p\eP�Hp�i|[fnog�S	�§_�[fi|[£p\etj�VÂjH[f[r�lghVÂ¢>[�u^e1qHi|[£u^qQ�Qp\Y�pÉu^i*WÂz�u^i|p\u^�HY�[fePe|qHnv_
u^e§�©p\j��¼e � [r[f�ÊV^iFghqHi1�HqHY\[rjHnf[ � u^i|u^¢>[rgh[ri|erS��§_�[fi|[yp\e§j�V¶jH[r[f�)�ÄVmi©¢¶VZ�H[rY\eFVmi � u�ihu^¢>[rg|[fi|p�Ý�u�g|p\Vmj�efS
ã}j � i|p\j�nfp � Y\[^]�V^qHi.¢¶[fu^e|qHi1[f¢>[fj�gygh[fnv_�jHp\Ü�qH[>nfVmq�Y\�´WQp�[fY��dp�jHnfi1[�u^e1[f�Åu�nfnfq�ihu^noW´V�z^[fi£u)�©p��H[Cihu^jHÀ^[
V^��[rj�zQp�i|Vmj�¢¶[rj�ghu^Y�nfVmjH��p�ghp�VmjHe�u^jH�®nfVmqHY��Âu^Y�Y\VX�ð_�[�u�gDÇ
qQ�¶¢¶[fu^e|q�i|[f¢>[fj�g�p\j®i1[fÀmp�VmjHe��©p�g|_®nfV^¢ � Y�[o�
gh_�i|[f[.�Hp�¢¶[rjHe|p�Vmj
u^Y�u^p�i1Ç
VX��u^jH�)_Hp�Àm_HY�W>z�u^i|p\u^�HY�["ghp��
u^YGu^jH�)e|[fuCe*gvu�g|[�nfVmj��Hp�g|p\VmjHe )®�©_�[fi|[.nrqHi|i1[fj�g
� u^i|u^¢>[rgh[ri|p�Ý�u�g|p\VmjHe�u^i|[��Hp +¶nrqHY�g�g|V"u �H� Y�W^S�ã}j � u^i*ghp\nrqHYÉu�if]XVmqHi�¢>[�u^e1qHi|[r¢¶[rj�g�g|[fnv_HjHp�Ü�qH[Dp�e�qHjHp\Ü�qH[rY�W
n�u � u^�HY�[tV^��u�p\i*�Ãe|[fuÑ_H[fu�gFÇ
qQ�¶¢>[�u^e1qHi|[r¢¶[rj�g§p\j¶n�u^Y�¢ u�jH�Â[o�Zg|i|[f¢>[fY{W>Y\VX���©p\jH�®nfVmjH��p�ghp�VmjHerSÔãÃgFnfu^j
i|[fu^�Hp�Y�WÊu^jH�Mp\jH[#� � [fj�e|p�z^[fY{W � i|VXzZp\��[>�Hu�gvuÂghV�u^e1e|[re|e.gh_H[¿z�u^Y\p��Hp�g}W¼V^��nfV^j�z^[fj�ghp�Vmj
u^Y � _�WZe|p�nfeI�}�
u^e1[f�
e|q�i1��u^nr[y_�[�u�g©Ç
qQ�¼u�jH�)e|Ë�p\j0¥w�HqHY\Ë¶gh[f¢ � [fihuwghqHi1[��Hp�à�[fi1[fjHnr[ � u�ihu^¢>[rg|[fi|p�Ý�u�g|p\Vmj�e�p\j»g|_Hp\e§i1[fÀmp�¢¶[�S
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qQ�du^j��dVZnf[fu^jdg|[f¢ � [rihu�g|qHi|[C¢>[�u^e1qHi|[#�
¢>[fj�ghe�jH[fu^i�e|q�jHe|[og�S¿�§_H[Cq �H� [fi � Y�V^g�e1_HVX�©eye1_Hp � ��V�u�i|�l¢>[�u^e1qHi|[r�d�HVX�©j��D[fY\Y�p\jHÀ»i|u^�Hp\u^j�g	Ç
qQ�Q[ferS
�§_H[¿Y�V��D[fiPg}��V � Y�V^ghetu^i|[y�Äi|Vm¢ u¶�Äi1[f[fY{WÊ��i|p��Ìg|p\jHÀ>e|[rjHe|V^i	Ç
V�u�gfS	�§_H[¿¢>p\�H�HY�[ � Y\V^g"e|_HVX�©e	g|_H[¿ihu��
Ç
qQ�¼e1p\Àmj
u�Y ))jHV¶n�u^Y�p\�Hi|u�ghp�Vmj»��u^nrg|Vmi|ePVmi©gh[f¢ � [fihuwghqHi1[ÑnrVmi|i1[fnrg|p\Vmj�e"_
u�z^[£��[f[fj � [ri1�ÄVmi1¢¶[r��S§ã}jÊgh_�[
Y\VX�D[fi � Y�V^g�]�p{g¿p\eCu ��� u^i|[rj�g>g|_H[)u^p�i£gh[r¢ � [fi|u�ghqHi1[)e|[fj�e|VmiCp\e¿j�V^gCe|_Hp�[fY��H[f��S:�§_Hp\e¿�Ä[�uwghqHi1[)u^Y\Y�V��©e
¢>Vmi|[¶e|[fj�e|p�g|p�z^[»�H[rg|[fnrg|p\Vmj V^�§g|_H[»�Hp�i|[fnog¿e|V^YÉu^iÑ��[fu^¢ �ÄV^ib�HpÉu�ÀmjHVme*ghp\n � qHi � Vme1[feCu^j�� ußi|[fY\u�ghp{zm[rY�W
��u^e*g"p�jH�Hp�n�u�g|p\VmjÂV��%Y\u^i|Àm[te|qH�H¢>[fi1Àm[fj�nf[y[rzm[rj�ghefS
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¹Â¸�°�½.·Ñ¸ 1 áy¹»±¿ÏG¸ÑÐ£·C¾
�§_H[©T�ãv]�R�SaT�S^U�VXWQY�[^]�T�_�Sa`bS{]�u^Y\e1Vtnfq�i|i|[rj�ghY�W£_
u^e�ut¡tu�g|p\Vmj
u�Y�sZ[�u   ihu^j�g�«	i|Àmu^jHp\Ýfu�ghp�Vmjy��[rnv_HjHVmYÆ�

VmÀ^W¶Àmi|u^j�g�ghV¿nrVmj�ghp�jZq�[	�H[rz^[fY�V � ¢>[fj�g©V^��gh_�[	¢bqHY{ghp{�Ãe|[rjHe|Vmi�Ç
V�u�gfS�è
qHjH�Hp�jHÀ£�ÄVmi�gh_H[.UDV�u�g©æ�[rgh[rVmi|Vw�
Y\V^Àmp\nfu^Y�¬�j�nfY\V^e|qHi1[>��U§æÊ¬��Fu^j��¼u�e|e|VZnfp\u�gh[r�»¢¶[ogh[rVmi|VmY�VmÀmp�n�u^Y
p�jHe1g|i|qH¢>[fj�gvuwghp\V^j®�Fu�eP¢¶u^�H[tu�z^u�p\YÉu��HY\[
gh_�i|VmqHÀ^_  me1[f[r�  >�Äq�jH�He§�Äi|Vm¢Þk�VmjHjH[rnrghp�nrgtsQ[fu   ihu^j�gPu^j���g|_H[yx"jHp{zm[fi1e|p{g}W»V^�%U�i|p��HÀm[ � Vmi*g�S
¹Â¸��F¸t¹Â¸�²´ÐÑ¸Ñ¾

U�VXWZY\[^]�R�S¦T�S�]����m�m��]� mªtp�i*�*sZ[�u¼e1qHi1��u�nf[®_�[�u�gÑÇ
qQ��]�e|VmY\u^iyp\i|i|u^�Hp\u^jHnf[>u^j��Åe|qHi*��u^nf[¶gh[f¢ � [fihuwghqHi1[
¢>[�u^e1qHi|[r¢¶[rj�gFqHe|p�jHÀCu^j»p\jZ�}e|p{ghqÂe1[fjHe1Vmi" �]�~X�������	�w×�
�ê
�vêo×��vê��w×��#×
ÚIê
�1ë��oÚ�Ö��w×���
tÚ��
ê���ê|ë>ë^×����tÚ�� �wØ
Ù"!#�
ê
�hêo]Hªt¢>[firS�æ¼[rg|[fVmirSDsQVQn�S�] � ��~	�D���

U�VXWZY\[^]�R�SaT�S{]§~X�m�^��]  �sQV^YÉu^i£kFu^Y\p��Hihuwghp\V^j:u^j��<æ¼VQ��[fY\p�jHÀls�ghqH�Hp�[fe£�ÄV^ibu^jÈã}jQ�Ãe|p{ghqÈ­�u^Ë�[X¥m«	nf[fu^j
sQqHi*��u^nf[Fç"[�uwg�è%Y\qZ�CsQ[rjHe|V^i" H]
~X�$���%�	�w×�
�ê
�hêo×��vê&�w×'�tÚ(� �XÙ"!#�
ê
�#Ö��*)§ë+�^Ö�ë^Ú�Ö��w×
]mª"¢¶[rifS�æ�[rgh[rVmifS�sQVQn�S�]
�H� S�¤����w�}¤��Q~mS

«	i1ghV^YÉu^jHV�]�`bS¦R�S{]Ôç"p�jH[fer]Ôè�Saè�S{]D~��m�m���  mªNe|p\¢ � Y�p�Í
[r�du �H� i|Vmu^nv_dg|VÊ_H[fu�gÑÇHV��
¢>[�u�e|qHi1[f¢>[fj�g�S  
�,�.-wë^×��vêvÙ.ÖÌ×/�o×�ÙoÚ��#Û0�®êo×
Ú�ë^Ú�Ö��w×
]#1�2�]�~f¤m¤��w�h~�¤��^��S

sQi|V^¢¶VXzZe|Ë�Wm]	­�S¯ª£S{]PªtjH�H[ri|e1Vmj�].R�SaÕyS{]	UD[fe1gf]	è�S¯ª£S{]"U�VXWQY�[^]	R�S¦T�S�]tsQp\e1Ë^VH]	ktSaªÑS�]	sQqHVm¢>p�] �£S¦¬§S{]
~X�m�^��]  m�§_H[MsQË�p�jQ�I­�u�Wm[ri)«	nf[�u�j'ç"[�uwg)è%Y\qZ��ã}j�e1ghi1qH¢>[fj�gM��s�«.ç"è%ã*�¶ãv��`	[fe|p�Àmj�u^j��'­�u���Vmi|u�ghV^i1W
kFu^Y�p\�Hi|u�ghp�Vmj  H]43�í5�tÚ(� �XÙfí	ë^×��76&�vê|ë^×98�ê:�:��í\]�;0<������o]�~��^��¤��v~X�^�m�

sQi|V^¢¶VXzZe|Ë�Wm]Z­�S¯ª£S{]�ªtjH�H[ri|e1Vmj�]QR�S¦Õ.S{]�U�[fe*g�]�è�S¯ª£S{]�U�VXWZY\[^]ZR�SaT�S{]ZsQp�e|Ë^V�]ZktSaªÑS�]ZsQq�Vm¢¶p�]��£S¦¬§S{]�~��m�m��]
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